INTRODUCTION
Parkinson's Disease (PD) is a neurodegenerative brain disorder that is estimated to affect 4 to 6 million people around the world and at least 1 million people in the United States alone. It is estimated that 50,000 to 60,000 new PD cases are diagnosed each year. The National Institute of Neurological Disorders and Stroke states that ''PD belongs to a group of conditions called motor system disorders, which are the result of the loss of dopamineproducing cells '' (NINDS, 2012) . The four primary symptoms of PD are tremor, or trembling in hands, arms, legs, jaw, and face; rigidity, or stiffness of the limbs and trunk; bradykinesia, or slowness of movement; and postural instability, or impaired balance and coordination. As these symptoms progress, patients may have difficulty walking, talking, or completing simple tasks. The primary treatment of PD is medication that affects dopamine levels in the brain.
The use of repetitive transcranial magnetic stimulation (rTMS) has been shown to be effective in reducing the symptoms of PD (Boylan, Pullman, Lisanby, Spicknall, & Sackeim, 2001; de Groot, Hermann, Steffen, Wagner, & Grahmann, 2001; Dragasevic, Potrebic, Damjanovic, Stefanova, & Kostic, 2002; Fregni, Maia, & Boggio, 2004; Fregni, Santos, et al., 2004; Ikeguchi et al., 2003; Khedr, Farweez, & Islam, 2003; Lefaucheur, 2005; Lefaucheur et al., 2004; Mally, Farkas, Tothfalusi, & Stone, 2004; Okabe, Ugawa, & Kanazawa, 2003; Shimamoto et al., 2001; Siebner, Rossmeier, Mentschel, Peinemann, & Conrad, 2000; Tergau, Wassermann, Paulus, & Ziemann, 1999 ). An excellent meta-analysis conducted by Fregni, Simon, Wu, and Pascual-Leone (2005) showed that symptoms measured with the Unified Parkinson's Disease Rating Scale were significantly reduced by rTMS above and beyond that of placebo in 12 studies. The studies included in the Fregni et al. (2005) meta-analysis measured the treatment effect through the Unified Parkinson's Disease Rating Scale measurements, psychological testing, subject reports, and visual observations. Effects from rTMS have been shown to be maintained for at least 3 months posttreatment (Fregni et al., 2005) . Of the 12 studies in the metaanalysis, none included EEG or QEEG analysis.
The literature suggests that PD symptoms are generated by a dopamine imbalance in the basal ganglia (Boucai, Cerquetti, & Merello, 2004) . Invasive surgical techniques target hyperactive neurons and freeze them, which leads to a drastic reduction in PD symptoms (Boucai et al., 2004) . This fast firing rate is hypothesized by the current author to be represented in the EEG by the presence of high beta activity in the 19-30 Hz range. Therefore, the purpose of this study was to investigate whether reducing high beta EEG activity using low-intensity EMF stimulation would lead to a reduction in PD symptoms.
INSTRUMENTATION
In the case reported here, the NeuroField X2000 and NeuroField Plus coil system was used to deliver EMF stimulation. The X2000 is a four-channel frequency generator that is able to generate pulsed EMF from 0.31-300,000 Hz from 1 to 3 milligauss per pulse. The X2000 also contains two channels of EEG and HRV capabilities. NeuroField Plus is a hardware add-on that connects to the X2000 and increases the EMF output of the device to 1-200 milligauss. The NeuroField Plus device connects to a cable that is attached to four coils that can be placed on the head. The Deymed Truescan 32 EEG was used for QEEG acquisition.
CASE REPORT METHODOLOGY
A single subject design was created to measure PD symptom increase or reduction of a 53-year-old Caucasian woman who requested NeuroField treatment for PD after being diagnosed more than 2 years ago. Because rTMS has been shown to reduce the symptoms of PD, the author decided to test whether the NeuroField X2000 pulsed EMF (10,000,000 times weaker than rTMS stimulation) would reduce the symptoms of PD. An eyes-open and eyes-closed QEEG was obtained pretreatment, posttreatment, and 30 days after treatment was completed. The NeuroGuide normative database was utilized to analyze the QEEG data. EEG sites for treatment with the NeuroField X-2000 system were selected based on the most deviant high beta z-score absolute power regions as indicated by the QEEG analysis.
The NeuroField Plus coils were placed over P3, P4, and Cz each session. The client was given the 1-100 protocol, which gives sequential EMF pulses for a duration of 1 s each from 1 to 100 Hz. The NeuroField system monitored 4 s of EEG immediately after each pulsed EMF stimulation was given. The NeuroField thresholding system was set to detect decreases in high beta absolute power amplitude. When high beta absolute power decreased more than 50% below the EEG baseline, a ''hit'' would occur, and that frequency that produced the hit would be placed in a ''hit'' table. Those frequencies that caused a reduction of high beta absolute power by 50% were then selected and stimulation was given for 60-s durations at each of those frequencies.
The patient was given a total of 40 treatments, one per day, over a 9-week period. PD symptoms of tremor, rigidity, bradykinesia, and postural instability were rated by the patient at the time of each session and at 30-and 180-day follow-up. Symptom ratings ranged from 0 to 10, with zero indicating no symptoms and 10 indicating the highest severity of the symptom. The null hypothesis would indicate no change in patient symptom rating along with no change in high beta pre-, post-, and follow-up QEEG data.
RESULTS
The QEEG data were analyzed via the NeuroGuide normative database. Statistical analysis using one-way analysis of variance was conducted using the NeuroGuide statistical software. Significant differences were found for absolute power, relative power, amplitude asymmetry, coherence, and phase lag in both eyes-open and eyes-closed conditions (see Tables 1 & 2) . There were no significant differences between pre-and posttreatment high beta absolute power for either condition at sites P3 or P4. However, there was a significant reduction in high beta at Cz for both conditions. Significant differences were found between pretreatment and follow-up eyes-closed conditions for P3 and P4 but not for Cz high beta absolute power. No significant differences where found for the pretreatment versus follow-up eyes-open condition for P3, P4, or Cz high beta absolute power. However, there were multiple, significant differences at other EEG sites across the Tables 3 & 4) . Z-score changes were noted in the 19-30 Hz range for both conditions (see Figures 1 & 2) . The high beta z-score changed from pre-to posttreatment to follow-up QEEG. Symptom ratings all significantly decreased from pretreatment to 30-day follow-up. Tremor reduced from a mean average of 6.7 to 2.1. Rigidity reduced from a mean average of 8.9 to 3.2. Bradykinesia reduced from 8.5 to 1.7, and postural instability declined from 7.3 to 1.4. The patient also reported that she had suffered from insomnia due to strong rigidity effects that caused pain in her arms and legs, but the insomnia issues were no longer present at the end of treatment. Last, she also reported feeling ''clear headed'' by the end of treatment.
Symptom ratings were again assessed 6 months posttreatment. Tremor was rated at a 3, rigidity was rated at 3, bradykinesia was rated at a 2, and postural instability was rated a 2. Unfortunately, QEEG data could not be acquired at the time of follow-up.
DISCUSSION
The use of the NeuroField low-intensity EMF stimulation appeared to significantly reduce the symptoms associated with PD, which seems to coincide with findings reported from rTMS treatment (Fregni et al., 2005) . Six-month symptoms ratings suggest that the treatment effect held over time. No treatment side effects were noted during the course of treatment or at follow-up. QEEGs at pre-versus posttreatment show significant decreases in high beta in the central regions of the brain. Review of the z-score maps ranging from 19-30 Hz indicate that the high beta did change from preto posttreatment to follow-up measurements, suggesting that the brain responded to a low-intensity pulsed EMF treatment. The use of low-intensity pulsed EMF to reduce the symptoms of PD appears to present a safe potential option for clinical use. This study is limited by being a case report with the lack of a control condition or placebo control. Future research in this area should focus on larger sample size along with the inclusion of a control group. The use of the Unified Parkinson's Disease Rating Scale would also have the potential to more objectively and effectively measure PD symptom responses than the method used in this study.
